Eighty-two patients presenting for major abdominal surgery were divided into five groups, and received intravenolls ketamine, muscle relaxation and controlled ventilation with oxygen-enriched air. For maintenance of anaesthesia patients were given a single intravenous dose of either droperidol 5 mg, diazepam 5 mg, promethazine 25 mg, flunitrazepam 0.5 mg or lorazepam 2 mg, followed by incremental doses of ketamine.
INTRODUCTION
The potential risks to both patients and operating theatre staff associated with the use of anaesthetic gases and vapours are well documented (Dahlgren and Goodrich 1976) . Therefore the successful introduction of a purely intravenous anaesthetic technique, in combination with a muscle relaxant and controlled ventilation with an air/ oxygen mixture, could represent a major advance towards eliminating theatre pollution. The purpose of this study was to assess the combination of intravenous ketamine anaesvhesia, muscle relaxation and controlled ventilation with oxygen-enriched air and various ataractic agents for major abdominal surgery.
MATERIALS AND METHODS
Eighty-two adult patients (ASAR I), presenting for major upper or lower abdominal surgery were studied an the cohort principle with their full consent. The patients were divided equally into five groups, anaesthesia being supplemented in each group by a different ataractic drug. The patients received a standard premedication of papaveretum 10-15 mg intramuscularly one hour before surgery, followed by a pre-induction lI1Jectlon of atropine 0.6 mg intravenously, in the theatre suite, to reduce rhe excessive secretions usually caused by ketamine.
Each patient was given a two digit number prior to anaesthetic induction to remember postoperatively, as a test of retrograde amnesia.
Anaesthesia was then induced by the intravenous injection of ketamine 2 mg/kg body mass followed by suxamethonium J mg/kg to facilitate endotracheal intubation. Ventilation was controlled using a pressure Anaesthesia and Intens/re Care, Vu!. VI, Nu, 3, August, 1978 cycled oxygen driven flow generator with air entrainment (BOC Cyclator), delivering an FI0~ of 004.
Immediately after the induction of anaesthesia, all patients received either diazepam 5 mg, droperidol 5 mg, promethazine 25 mg, flunitrazepam 0.5 or lorazepam 2 mg, intravenously. Further abdominal relaxation was achieved by the intravenous injection of alcuronium 0.2 mg/kg. Supplementary doses of the non-depolarizing muscle relaxant were administered according to the patient's response to peripheral nerve stimulation.
Subsequent maintenance of anaesthesia involved intravenous injection of ketamine 1 mg/kg every 15 minutes. Additional anaesthetic augmentation with volatile or analgesic agents was specifically avoided. At the termination of surgery, the residual effects of the muscle relaxant were reversed with atropine 0.6 mg and neostigmine 3.75 mg intravenously.
The blood pressure was measured every 3-5 minutes using the standard Riva Rocci method. Pulse rate and ECG were monitored continuously throughout the procedure (Hellige programme 19 ECG monitor).
Both the surgeon and anaesthetist involved were asked to comment on the quality of surgical and anaesthetic conditions provided by the specific technique used. Following their return to the recovery room, patients were carefully observed by the recovery room sister for evidence of delirium or hallucination during emergence from anaesthesia. On the day following surgery, subjects were interviewed by an independent observer, who was unaware of the particular ataractic agent in use at the time, according to a standard protocol. Patients were questioned regarding awareness, pain, amnesia, dreaming (which they were asked to describe) and whether they would readily accept the same anaesthetic technique again.
Statistical analysis involved the use of the X 2 test with the Yates correction. Table 1 , the patient groups were comparable with regard to age, body mass and duration of anaesthesia. The greater number of female patients in each group arose from the preponderance of gynaecological surgical procedures included in this study. The average total dosage of ketamine administered to patients in each of the five groups, which was mass/time related, was also comparable.
RESULTS

As shown in
Results of patient observations in the recovery room are shown in Table 2 . The majority of patients in all groups were calm and sleepy. Two patients in the droperidol group, three in the diazepam series and one patient who received lorazepam, were agitated and apparently hallucinating. All patients in the flunitrazepam and promethazine groups were calm and sleepy. No statistically significant differences in the levels of postoperative anxiety or agitation emerged. In Table 3 , the results of patient follow-up and interview are presented. Eight patients in the droperidol group and four subjects given diazepam reported pleasant dreams. One patient experienced unpleasant dreams after lorazepam administration. Three patients in the promethazine group dreamed (two experienced pleasant and one unpleasant dreaming). No patient given nunitrazepam dreamed. The overall incidence of dreaming in the droperidol group was significantly higher (P <0.(5) than in the other four groups.
The postoperative nausea and vomiting occurred with equal frequency in all groups except the diazepam group. In this latter group 50 % of the patients experienced nausea and vomiting postanaesthesia. All patients could remember the number given them, thus there was no evidence of retrograde amnesia. One patient (in the droperidol group) was apparently aware during anesthesia. Factual recall was not accompanied by pain in this case. Acceptance of the same technique was universally high in all five groups, and the comment on anaesthetic and surgical conditions was favourable throughout the study.
DISCUSSION
Ketamine is a dissociative anaesthetic agent producing profound analgesia with only superficial sleep (Pender 1971 ) . The drug has a high therapeutic index, and serious toxic reactions following parenteral administration are rare (Corssen, Miyasaka and Domino 1968) . Ketamine also preserves the integrity of the cardiovascular system, and has therefore been recommended as the agent of choice for poor risk patients (Magbagbeola 1973) . Thus, both intravenous induction and maintenance of anaesthesia with ketamine, offer a reasonable alternative to the conventional use of inhalational anaesthesia. However, delirium and hallucination following "high dose" ketamine administration are well described (Collier 1972) , usually occurring within the immediate postoperative period (Fine and Finestone 1973 ) . Supplementation of anaesthesia with ataractic agents considerably lessens this incidence (Coppel, Bovill and Dundee 1973) . Ketamine -relaxant -air anaesthesia for abdominal surgery -has been used successfully (Magbagbeola 1973 ), but some evidence of psychomimetic phenomena was encountered. Meer and his colleagues (Meer et al. 1973) noted a surprisingly low incidence of unpleasant dreaming, delirium and hallucination in their parturients at term. Magbagbeola ( 1973) administered the maintenance dose of ketamine by the intramuscular route to his patients and did not use an ataractic agent prior to or during anaesthesia.
In an attempt to obviate the expected psychological disturbances associated with ketamine, we assessed the drug in combination with various ataractic agents. The tranquilisers used were diazepam, droperidol, promethazine, ftunitrazepam and lorazepam. The influence of diazepam, droperidol and lorazepam in this respect has been assessed with conflicting results (Coppel et al. 1973, Lilburn, Dundee and Moore 1976) , whereas promethazine and nunitrazepam remain untried in this regard. Becsey et al. (1972) , in comparing the incidence of psychomimetic side effects after ketamine anaesthesia, supplemented with either diazepam or droperidol, concluded that the latter drug was superior in preventing the undesirable sequelae. In contrast, Coppel et al. ( 1973) found that the use of a neurolept combination, droperidol and fentanyl, reduced the incidence of emergence phenomena after ketamine anaesthesia, but increased patient hallucination in the recovery phase. These same AIl(/e~(he),j£l ancl /nlell!li\'e Care, l'o/' "[, Nu. 3, AIIXII~(, 197~ authors reported a marked decrease in the incidence of both emergence delirium and hallucination with diazepam.
Although failing to reach statistical significance due to the small number of patients studied in each group, our results suggest a higher incidence of hallucination with droperidol than with diazepam used as supplementation of ketamine anaesthesia. In both of these groups the incidence of pleasant dreaming was higher than with either promethazine, flunitrazepam or lorazepam, significantly so with droperidol. The majority of patients in all five groups were calm and sleepy in the recovery room, although some agitation was noted in a few patients receiving droperidol and diazepam.
Flunitrazepam and lorazepam, in company with other benzadiazepines, possess marked hypnotic and sedative properties. In this study both drugs effectively eliminated patient awareness during ketamine/air-oxygen anaesthesia, whilst reducing the incidence of postanaesthetic dreaming and hallucination to an acceptable minimum. Thus the combination of either flunitrazepam or lorazepam with ketamine/ muscle relaxant for anaesrhetic induction and maintenance is, in our view, feasible as an alternative to the use of inhalational agents. This deserves further study as a means of rendering anaesthesia safer for both patient and theatre staff. However, from experience gained Anaesthesia and Intensive Care, Vol. VI, No. 3, August, 1978 here, we would advocate the use of controlled intravenous ketamine infusion in preference to intermittent injection over a fixed time interval.
